Large errors may occur when predicting basal metabolic rate (BMR) based on physical characteristics in obese people. In addition, the contribution of abdominal visceral fat to BMR remains controversial. This study examined the accuracy of several predictive equations for BMR and the contribution of abdominal fat distribution to BMR in obese Japanese participants in the Saku Control Obesity Program (SCOP). METHODS: BMR was determined using a mask and Douglas bag in adult males (n = 12) and females (n = 11). We measured abdominal subcutaneous and visceral fat areas using computerized tomography. RESULTS: All the equations, with the exception of Bernstein's, overestimated BMR in obese males. Some equations, including the Japan-Dietary Reference Intakes and the Food and Agriculture Organization of the United Nations/World Health Organization/United Nations University (FAO/WHO/UNU) equations, overestimated BMR in obese females, while the Harris-Benedict and Henry equations provided relatively accurate predictions of BMR in obese females. We found no correlation between abdominal visceral fat area and BMR when adjusted for sex, fat-free mass, and abdominal subcutaneous fat area (partial r =-0.022). Abdominal subcutaneous fat area correlated significantly with BMR when adjusted for sex, fatfree mass, and abdominal visceral fat area (partial r = 0.732), although this correlation was no longer significant after adjustment for total fat mass (partial r = 0.266). CONCLUSIONS: In obese Japanese subjects, most the predictive equations overestimated BMR in males, whereas some equations were relatively accurate for females. Our findings indicate abdominal fat distribution may not be independently related with BMR.
Basal metabolic rate (BMR) constitutes the largest component of total energy expenditure in the majority of people. Because BMR can be predicted from simple anthropometric measurements, it is often used to estimate total energy expenditure.
Many equations have been developed for estimating basal or sleeping metabolic rates based on anthropometric measurements, age, and sex. 1,2) These equations can be helpful when actual metabolic measurements are not available. It has been shown in Caucasians, however, that BMR is considerably more difficult to predict in obese than in normal-weight subjects. [2] [3] [4] [5] Studies have found that predictive equations overestimate BMR and/or that large prediction errors may occur in obese subjects. [2] [3] [4] [5] In addition, most of the equations currently available apply only to Caucasians. The validity of the predictive equations has not been examined in obese Japanese subjects, despite several studies showing that some of the predictive equations are not applicable to nonwhite populations. [6] [7] [8] [9] In addition, the contribution of abdominal fat distribution to BMR remains controversial. Some studies have shown a relationship between abdominal visceral fat (AVF) area and BMR or resting metabolic rate, [10] [11] [12] [13] [14] whereas others have not.
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To our knowledge, no study has examined these relationships in Japanese subjects using computerized tomography (CT), with the exception of Okura et al, who investigated the relationship in healthy elderly subjects. 14) They reported that adjusted resting energy expenditure correlated inversely with AVF but not with abdominal subcutaneous fat (ASF). While significant, this relationship with AVF was relatively weak (r = -0.131).
In the present study, we examined the validity of predictive equations for BMR in obese Japanese men and women. The contribution of abdominal fat distribution, as measured by CT, to BMR was also examined.
Prediction of Basal Metabolic Rate in Obese Japanese
To assess ASF and AVF levels, a CT scan was performed at the level of the umbilicus, with the subject in the supine position. ASF and AVF areas were determined using commercially available software (Fat Scan; N2 System Corp., Osaka, Japan). 21) The attenuation range of CT numbers for ASF was set as the mean ± 3 standard deviation (SD).
Predictive Equations of Basal Metabolic Rate
The predictive equations of Japan-Dietary Reference Intakes (DRI), 22) Harris and Benedict, 23) the Food and Agriculture Organization of the United Nations/World Health Organization /United Nations University (FAO/WHO/UNU), 24) Henry,
25)
Owen, 26, 27) Mifflin, 28) and Bernstein 29) were evaluated ( Table 1) . For the Japan-DRI equations, the Ministry of Health and Welfare proposed adjusting for body weight. 30) Therefore, the equations including this adjustment were also examined. For the FAO/WHO/UNU equations, those using body weight only are often used. However, in the present study, equations using body weight and height were also examined.
Statistical Analyses
The results are presented as the mean ± SD. The % difference of the prediction error was calculated as the residual divided by the measured value for each subject. The relationship between measured and predicted values of BMR and anthropometric measurements was examined using Pearson's correlation. Sex was treated as a binomial variable (0 for males, 1 for females) and was adjusted for in the partial correlation analysis. Adjustment for age was not performed because the range was small (50-54 years). Statistical significance was set at p < 0.05 for all predictors. The statistical analyses were performed using SPSS ® for Windows (version 14.0; SPSS Inc., Chicago, IL, USA).
Methods

Subjects
The subjects in the study were 50-to 54-year-old obese subjects (12 males and 12 females) residing in Saku city. They were randomly selected from among the participants in the Saku Control Obesity Program (SCOP), the details of which are described elsewhere in this supplement. 18, 19) The measurements of BMR for one of the female subjects failed; therefore, data for 12 males and 11 females were used in the present study.
The study protocol was approved by the Ethics Committees of the National Institute of Health and Nutrition and Saku Central Hospital. The study protocol was explained to the subjects prior to enrollment, and all subjects provided their informed consent.
Basal Metabolic Rate
The subjects reported to the hospital for the series of measurements at approximately 8 am on the study day. BMR was measured in the supine position and in the post-absorptive state (12 hours or longer after the last meal). The temperature in the room was controlled at 24-26°C. The measurement was performed using a mask and Douglas bag for 20 minutes with 1 minute of intermission. The volume of expired air was measured with a certified dry gas meter (Shinagawa DC-5, Tokyo, Japan). The expired air was sampled and the O2 and CO2 concentrations were measured using a gas analyzer (Arco System, AR-1, Kashiwa, Japan) with a galvanic O2 sensor and an infrared CO2 sensor. For each of the consecutive measurements, the gas analyzer was calibrated initially using atmospheric air. The values of O2 consumption and CO2 production were expressed under standard temperature, pressure, and dry air conditions. BMR was estimated from O2 consumption and CO2 production using Weir's equation. 20)
Anthropometric Measurements
Body weight was measured to the nearest 0.1 kg and height to the nearest 0.1 cm using a stadiometer. The measurements were performed in light clothing and underwear. Body mass index (BMI) was calculated as weight (kg) divided by square of height (m 2 ). Percentage body fat was evaluated by the bioelectric impedance method (Tanita, BF-220, Tokyo, Japan). 
Results
The physical characteristics of the subjects are summarized in Table 2 . There was a similar degree of correlation between the measured and predicted values of BMR for the various predictive equations (r = 0.839-0.859). The relationships between measured and predicted BMR based on the Japan-DRI, DRI-adjusted, Harris-Benedict, and Bernstein equations are shown in Figures 1  and 2 . In obese males, the majority of equations overestimated BMR, particularly for those with lower BMR (Figure 1) , whereas Bernstein's equation significantly underestimated BMR (Table 3 ). In particular, the Japan-DRI and FAO/WHO/UNU equations overestimated BMR to the greatest extent. The Mifflin equation provided a better prediction of BMR, while the equation overestimated BMR. In obese females, the Japan-DRI and FAO/WHO/UNU equations overestimated BMR, whereas the Harris-Benedict and Henry equations provided a relatively accurate prediction of BMR (Figure 2) . In both sexes, adjustment for body weight in the Japan-DRI equations attenuated the overestimation of BMR, although the value still remained too high. In addition, the FAO/WHO/UNU equations with or without body height provided almost identical values. The SD of the % difference of the predicted BMR was comparable between the various equations.
Following adjustment for sex and fat-free mass, BMR correlated significantly with ASF (r = 0.806, p < 0.001) and AVF (r = 0.493, p < 0.05). When sex, fat-free mass, and ASF were adjusted for, BMR was not correlated with AVF (r = -0.022, n.s.). The relationships between AVF and residual of BMR adjusted for sex, fat-free mass, and ASF is shown in Figure 3 . On the other hand, BMR correlated significantly with ASF when adjusted for sex, fat-free mass, and AVF (r = 0.732, p < 0.001); however, this correlation was no longer significant after additional adjustment for total fat mass (r = 0.266, n.s.). 
Discussion
This study examined the accuracy of predictive equations for BMR in obese Japanese people. The findings indicate that many of the equations, including the Japan-DRI and FAO/WHO/UNU equations, overestimate BMR, particularly in obese males. Similar results have been reported in many studies on Caucasians. However, several of the equations provided accurate estimates of BMR, mainly in obese females. Among the equations, the Mifflin equation in males, and the Harris-Benedict and Henry equations in females, provided a better accurate prediction of BMR.
The Japan-DRI equations are simple multiples of body weight (21.5 body weight for males, 20.7 body weight for females). The other equations include an intercept in addition to a term for body weight and in some cases terms for body height and age as well. Considering these differences, it is understandable that the Japan-DRI equations overestimate BMR in obese subjects of both sexes. To improve this, a term for adjustment of body weight was provided for each sex. 30) While this term reduced the overestimation of BMR, a large overestimation of BMR (12.8 ± 9.7 % for males and 8.6 ± 6.6 % for females) still remained. The suggested values for adjustment of body weight were obtained in rather lean Japanese subjects, with fat-free mass contributing considerably more to BMR than fat mass. Therefore, a low fat-free mass relative to body weight (indicated as a high percentage of body fat) may explain the overestimation, even after additional adjustment for body weight. 1) In contrast, Bernstein's equation, which was developed for obese Caucasians, underestimated BMR, especially in obese males.
The other equations incorporate an intercept, and some of them have terms for body height and age. Thus, it is expected that the terms adjust BMR for body composition to some degree, similar to BMI. However, the FAO/WHO/UNU equations that include terms for body weight and height provided comparable values to those with a term for body weight only. Considering the mean values of % difference, inclusion of terms for body height and/or age is not likely to improve the prediction of BMR in obese people, whereas the existence of an intercept or a curvilinear term would be expected to improve the predictive ability of the equation.
With the exception of the Japan-DRI equation, the predictive equations did not overestimate BMR to a large extent in obese females. This sex difference was not observed in previous studies. Female subjects in the present study had slightly higher BMI than male subjects, and their percentage body fat was also greater. While these differences should have been associated with overestimation of BMR considering the result of the present study, this can not explain the sex difference. Thus, the reason for the observed sex difference in the present study remains unclear.
The SD values of the % difference ranged from 7.4% to 12.3% in obese males and 6.6% to 9.2% in obese females. Previous studies reported that the interindividual coefficient of variation was about 8-13% in healthy people, 31,32) although interindividual variability of sleeping metabolic rate was less, at least for Japanese subjects. 9) The values calculated in the present study were within this range, but different from those of a previous study of obese subjects. 3) A possible reason for this difference may have been the uniformity of body composition, although the range of percentage body fat in the present study was large in both sexes, suggesting that this was unlikely to be the reason.
It remains controversial whether AVF is related to BMR.
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Because AVF is related to sex, fat mass, and ASF, it is necessary to adjust for these variables in order to examine the relationship between AVF and BMR. In the present study, we adjusted not only for sex and fat-free mass but also for ASF to clarify the independent contribution of abdominal fat distribution. As a result, ASF but not AVF correlated independently with BMR after adjustment for sex and fat-free mass. However, this significant correlation disappeared after additional adjustment for fat mass, indicating that the independent correlation between ASF and BMR may actually reflect the relationship between fat mass and BMR. Adipose tissue has a small but definite contribution to BMR, while ASF and fat mass are correlated with each other, particularly in obese people, who have a large fat mass. If the relationship between ASF and BMR reflects the relationship between fat mass and BMR, this implies that abdominal fat distribution is not associated with BMR in obese Japanese people. One of the limitations of the present study was the relatively small sample size. However, to obtain values of % difference when using predictive equations of BMR, the sample size used should provide relatively stable results. In the present study, normal-weight subjects were not included. To clarify the characteristics of obese subjects, this may be another problem. In addition, the analysis evaluating the contribution of abdominal fat distribution was performed in all subjects with adjustment for the effect of sex. As a consequence, comparison with the results of earlier studies could not be undertaken. Some of these previous studies reported the results for separate age categories, sex, and menopausal status.
In conclusion, the majority of the predictive equations overestimated BMR in obese Japanese males, whereas some equations were relatively accurate for obese females. In obese people, overestimated BMR may lead to overestimation of total energy expenditure. Caution is therefore needed when selecting predictive equations of BMR for obese Japanese people. Our results indicate abdominal fat distribution was not independently related to BMR.
